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ABSTRACT

The highest degree of sporulation and colonization
of Peronospora tabacina was found at 15 to 20 C. At
constant temperatures, the optimum development of
disease occurred at 25 C, and under 12-hr periods of
20-C night and 20 to 40-C day temperatures, at 20-
25 C. Shortening the length of high temperature
periods during the daytime resulted in a shift of the
optimal disease development to 30-35C in plants
exposed to those temperatures for 2 hr/day. Ex-
posure of previously infected but still symptomless
plants to temperatures lethal for the fungus, i.e., up

to 45C, induced development of sterile lesions
within 24 hr, with 35 C leading to the most accen-
tuated lesions.

It was concluded that the optimal development of
disease is affected by much higher temperatures than
the development of the pathogen; but, for the high
temperatures to exert their effect, a certain extent
of previous colonization at a temperature favorable
for the pathogen is needed. Under these conditions,
the disease develops whether the pathogen remains
alive or dies. Phytopathology 60:54-57.

Blue mold epidemics of tobacco in Israel start in
winter in the plant bed and continue in the field until
the end of June, when they are finally checked by high
temperatures. However, even during the climatically
favorable months, periods of extremely hot wheather
occur with temperatures often exceeding 35 C. Field
surveys showed that during these periods, leaves which
previously did not show signs of Peronospora tabacina
Adam suddenly exhibit typical lesions of blue mold.

As high temperatures are unfavorable for P. tabacina
(1, 2, 3, 5, 6), two hypotheses were tested in an effort
to explain the above-mentioned phenomenon; (i)
occurrence of a thermophilic strain of P. tabacina, or
(ii) high temperature induction of disease in leaves
previously infected by the fungus, but not exhibiting
any symptoms.

MATERIALS AND METHODS.—Some experiments were
performed on the Michal (Oriental) tobacco, and some
on the Yellow Special (Virginia) tobacco. The plants
were cultivated in an air-conditioned greenhouse at
25+ 2 C for the first 4 weeks in a seed bed, and for
an additional 6 weeks in 0.3-kg pots filled with a 2:2:1
mixture of sandy loam, sand, and peat. Plants selected
for inoculations had five to six leaves, a uniform height
of 20-25 cm, and showed normal, healthy growth.

Plants were inoculated with an isolate from a com-
mercial field of Michal plants, and maintained on
Michal plants at 20 C. This isolate was found to be
typical in frequent comparisons with others. All inocu-
lations were performed by means of Schein’s inocu-
lator (7) with 1,000 %= 100 spores sprayed on a 4-cm?
target on the lower side of the leaf. The inoculated
plants were kept in moist chambers at 20 C for 6 to
24 hr, then transferred to Shirrer’s growth chambers
for 12-hr photoperiods at various temperatures.

The average disease value from five or six leaves
of one plant was considered as one replication, and at
least four replications were used for each treatment.

In different experiments, all or some of the follow-
ing methods were used for evalution. (i) Disease
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severity was evaluated according to the following index:
0 =mno lesion; 1 = light-yellowish-green-lesions; 2 =
yellow lesions; 3 = yellow lesions with traces of ne-
crosis; and 4 = entirely necrotic lesions, Intermediate
categories were used as necessary. (ii) The area of
diseased tissue was measured by tracing the outlines of
lesions on cellophane, recopying the outlines on Bristol
board, cutting out the area, and weighing it. (iii) Colo-
nization, namely, the area occupied by mycelium, was
considered as the area which was covered by spores
after the plants had been held for an additional 24 hr
in moist chambers at 20 C. These areas were then
traced on cellophane and evaluated as previously de-
scribed. It had been found that 1 day at 20 C, in addi-
tion to 13 days of exposure to different temperatures,
did not lead to marked changes in results. (iv) Sporu-
lating capacity of the infected areas was determined by
counting the removed spores with a cytometer.

Data obtained from different evaluations were
analyzed by the Tukey test (9).

Resvurts.—The effect of constant temperatures on
disease phenomena—Inoculated Michal plants were
kept for 24 hr in moist chambers at 20 C, then trans-
ferred for 13 days to growth chambers at either 10,
15, 20, 25, or 30 C. Disease development was evaluated
on different plants after 5, 8, or 13 days’ incubation.
Eight plants were tested in every combination of tem-
perature and incubation period.

Disease development was significantly greater at 25 C
(0.01) in each period of incubation. After 5 days’ in-
cubation, the disease was apparent only at 25 C. After
incubation of 8 and 13 days, the range at which lesions
appeared was 15 to 30 C and 10 to 30 C, respectively.
In contrast to the 25 C optimum for lesion intensity,
the largest area of lesions (13 days only) and of colo-
nization was found at 20 C, and the highest degree of
sporulation at 15 C. However, no significant differences
were found between either of these effects at 20 and
15C (Fig. 1-A, B, C, D).

In an additional experiment, disease development at
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Fig. 1-6. 1) The effect of constant temperatures on disease phenomena in fobacco plants infected by Perono-

spora tabacina. A) Grade of symptom development. B) Area of lesions. C) Area of colonization. D) Sporulating
capacity. The numbers above the curves indicate the incubation period in days after which assessments were made.
2) Effect of high temperatures on survival of Peronospora tabacina inside infected leaves of tobacco. A) After 6 hr.
B) After 24-hr previous incubation in moist chambers at 20 C. The numbers above the curves indicate temperatures.
3) Disease phenomena caused by Peronospora tabacing in tobacco exposed to 20 C night and 20 to 40C day tem-
peratures in 12-hr periods. 4) Symptoms development in plants inoculated with Peronospora tabacina and exposed to
20 C night and 30 to 40 C day temperatures for up to 8 hr/day. A) Plants exposed for the above conditions for 5 days.
B) Plants exposed for 13 days. 5) Effect of length of incubation period at 20 C and subsequent exposure to high tem-
peratures on the development of the blue mold symptoms in tobacco previously inoculated with Peronospora tabacina.
A) Plants kept for 2, 3, 4, 6, and 7 days at 20 C, then transferred for 1 day to 35-45C. B) Plants kept for 2
and 7.5 days at 20 C, then for 10 and 4.5 days, respectively, at 25-40 C. 6) Schematic representation of the effect of
temperatures on the development of the pathogen and of disease symptoms of the blue mold disease of tobacco.
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5 C was tested. No lesions were formed at this tem-
perature, although traces of colonization and sporula-
tion did occur.

Similar results were obtained with Virginia VYellow
Special plants.

Effect of high temperatures on survival —The effects
of high temperatures on the survival of P. tabacina in-
side the infected leaves were tested in two instances.
In the first, inoculated Michal plants were kept for 6
and 24 hr in moist chambers at 20 C. Those kept for
6 hr were immediately transferred to 30, 35, or 40 C
for varying periods from 2 to 144 hr, after which they
were returned to 20 C. Plants kept for 24 hr in the
moist chambers were transferred immediately, after
24 hr, or after 48 hr at 20 C to either 30, 35, or 40 C.
After exposure for 2 to 144 hr to high temperatures,
all groups were returned to 20 C until the lesions were
indexed and sporulation was assessed on the 14th day
after inoculation. Four plants were tested in each
treatment.

The effect of high temperatures on development and
viability of P. tabacina was more pronounced in plants
kept in a moist chamber for 6 hr than in those of all
subtreatments kept there for 24 hr (Fig. 2-A, B).
However, differences were highly significant in relation
to plants exposed thereafter to 30 and 35 C, but not to
40 C. The differences between various periods of ex-
posure were significant for periods of up to 12 hr, but
not for longer periods. Sporulation tests revealed that
whenever the lesions appeared, spores were also pro-
duced.

In the second experiment of this series, Michal plants
were inoculated in four replications 6 days before ex-
posure to 30, 35, and 40 C for 24, 48, and 72 hr, after
which they were returned for 24 hr to a moist chamber
at 20 C. Viability of the fungus was assessed by amount
of sporulation. In plants thus exposed to 30 C for 24,
48, or 72 hr, 864 X 10, 50 X 10% and no spores/lesion
were produced, respectively. No spores were produced
in plants exposed for 24, 48, or 72 hr at temperatures
of 35 and 40 C.

Effect of thermoperiods—The reaction of blue mold
to high temperatures during only part of the diurnal
cycle was tested on Michal plants. In the first experi-
ment, the night temperature (12 hr) was kept at 20 C,
and the day temperatures at 20, 25, 30, 35, or 40C
for a period of 13 days (Fig. 3). The most rapid dis-
ease development and the largest lesions developed at
25-C day temperatures, while the largest area of colo-
nization and the largest amount of spores were pro-
duced at a constant temperature of 20 C. Day tempera-
ture of 35C was lethal, or almost so, to all of the
measured processes. The same experiment repeated
with 10 C at night and 20, 25, 30, 35, or 40 C during
the day yielded similar but always lower values,

In the next experiment, the basic temperature was
20 C with 2, 4, and 8 hr of 30, 35, and 40 C thermo-
periods, respectively. The inoculated plants, first kept
for 20 hr in moist chambers at 20 C, were then divided
into three groups. The first group was exposed for 13
days to the above mentioned thermoperiods. The second
and third groups were exposed to thermoperiods for
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9 and 5 days, respectively, after which they were trans-
ferred to constant 20 C for the remainder of the 13-day
period.

The reactions of plants exposed for 13 and for 9
days to high temperature periods were similar, but
significantly higher than those of plants exposed to the
same conditions for 5 days (Fig. 4-A, B). In plants
exposed to high temperature periods for 9 and 13 days
for 2 and 4 hr/day, the intensity of disease was sig-
nificantly higher than in plants kept at a constant tem-
perature of 20 C.

Inductive effect of high temperatures on the appear-
ance of lesions.—The following experiments were de-
signed to determine whether blue mold can develop at
temperatures lethal to the fungus, provided coloniza-
tion was previously initiated. In preliminary tests, hun-
dreds of inoculated plants were kept for various periods
at temperatures conducive to colonization, and were
then exposed to various temperature levels. Some of
the experiments, two of which are described here, were
repeated under carefully controlled conditions. Fig. 5-A
refers to inoculated Michal plants first kept for 2, 3,
4, 6, or 7 days at 20 C, then exposed for 24 hr to 33,
40, or 45 C and evaluated according to the intensity of
disease. The data, which are averages of four similar
tests with four plants/treatment, indicate that a mini-
mum period of 4 days’ incubation at 20 C was required
for subsequent high temperatures to exert their effect.
The most pronounced induction of disease took place
at 35 C for plants previously incubated at 20 C for 4
and 6 days—and at 40 C for plants previously incu-
bated for 7 days. At 45 C, most of the plants died, but
those that survived this temperature were less diseased
than plants maintained at 35 and 40 C.

Results from a variation of the above experiment are
presented in Fig. 5-B. When the inoculated Michal
plants were kept for only 2 days at 20 C and there-
after exposed for 10 days to temperatures from 20 to
40 C, the disease appeared in plants left at 20 and
25 C, i.e., temperatures conducive to further coloniza-
tion, but not in plants exposed to 30 to 40 C. Plants
incubated at 20C for 7.5 days, which at that time
still did not show disease symptoms, showed symptoms
at 30 to 40 C, with 35 C again being optimal.

The above results and those of tests not detailed
here showed that 35 C was optimal for expression of
symptoms. In a few cases, however, the best results
were obtained at 30 or 40 C. Although in the majority
of tests an initial 4 days’ incubation at 20 C was needed
for the subsequent high temperatures to induce symp-
toms, in a few cases initial incubation of 3 or 5 days
was needed. In comparative tests, the high-temperature
effect on disease development was always more pro-
nounced on Yellow Special than on Michal,

Discussion.—The optimum and maximum tempera-
tures for colonization of P. tabacina in tobacco leaves
were found to be 15-20 and 30 C, respectively (Fig. 1).
These values correspond fairly well with the wvalues
reported in the literature (1, 2, 3, 4, 5, 8). The lack
of full agreement between our data and those cited
above, as well as among themselves, probably derives
from the difference in the methods of evaluation.
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Temperatures above 30C, when applied in short
thermoperiods, decreased the disease development
(Tig. 3, 4), and when applied constantly were lethal
to the pathogen after a comparatively short time (Fig.
2). These results disprove the assumption that a
thermophilic strain of P. fabacine was involved in
the appearance of blue mold symptoms during hot
weather. The alternative assumption, that high tem-
peratures induce disease in leaves previously infected
by the fungus, seems to be correct. Thus, at tempera-
tures favorable for the pathogen, the highest grade of
symptoms occurred at 25 C (Fig. 1). However, when
the infected plants were exposed to short periods of
high temperatures, those exposed to 30-35 C developed
the most marked symptoms (Fig. 4-B). This shift of
peak of disease expression from 25 C at constant tem-
peratures to 30-35C in 2-4 hr periods is apparently
due to the fact that a certain extent of previous colo-
nization at a convenient temperature (e.g., 20C) is
needed if high temperatures are to exert their effect.
The last point was further developed in the final series
of experiments, which proved that in most cases 4 days’
incubation at 20 C is needed if high temperatures are
to exert their effect, with 35 C being optimal in spite
of its lethal effect on the pathogen.

In view of these findings, it appears that colonization
and disease development are processes which respond
to different environmental conditions. This is supported
by the fact that almost no lesions appeared in inocu-
lated plants incubated at 10 C (Fig. 1), and by observa-
tions showing that in infected seed beds grown in cold
weather, no lesions are seen in the germinating plants
in which sporulation is often the sole sign of disease.
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On the other hand, lesions appearing at high tempera-
tures do not often yield spores because these tempera-
tures are lethal to the fungus. A schematic representa-
tion of the effect of temperatures on the development
of the pathogen and of disease symptoms is outlined in
Fig. 6.
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